The radio emitting X-ray binary GRS 1915+105 shows a wide variety of X-ray and radio states. We present a decade of monitoring observations, with the RXTE-ASM and the Ryle Telescope, in conjunction with high-resolution radio observations using MERLIN and the VLBA. Linear polarisation at 1.4 and 1.6 GHz has been spatially resolved in the radio jets, on a scale of ∼ 150 mas and at flux densities of a few mJy. Depolarisation of the core occurs during radio flaring, associated with the ejection of relativistic knots of emission. We have identified the ejection at four epochs of X-ray flaring. Assuming no deceleration, proper motions of 16.5 to 27 mas per day have been observed, supporting the hypothesis of a varying angle to the line-of-sight per ejection, perhaps in a precessing jet.
INTRODUCTION
GRS 1915+105 has proved to be one of the best laboratories for the study of relativistic physical environments, due to its high-brightness, periodic outbursts of superluminal ejecta and relative proximity. Since the first detection in August 1992 with the WATCH instrument on board the X-ray telescope GRANAT (Castro-Tirado et al. 1992) , GRS 1915+105 has demonstrated some of the most spectacular high-energy physics within the Galaxy. Shortly after its discovery, a radio counterpart was discovered by Mirabel et al. (1993a) and later an infrared component was also identified (Mirabel et al. 1993b ). Its radio light-curve shows a highly variable and complex structure, with spatially resolved features that can be followed over many days.
A clear correlation between the X-ray, infrared and radio emission was quickly established by Mirabel & Rodriguez (1994) , with rapid time variability in each band. Radio flaring was found to correspond to a rapid change in the hard X-rays and possible production of high-energy gamma rays. In March 1994, 20 cm VLA observations of GRS 1915+105 detected the first superluminal motion of a Galactic source (Mirabel & Rodriguez 1994 ). This major breakthrough provided the direct evidence of relativistic jets and an extreme physical environment within the Galaxy. The name "microquasar" was coined ⋆ E-mail: Anthony.Rushton ('at') Manchester.ac.uk (AR) due to their obvious similarities with their extra-galactic counterparts, quasars.
The launch of the Rossi X-ray Timing Explorer (RXTE) satellite, in December 1995, signified the start of a long-term monitoring campaign of X-ray binaries. The All Sky Monitor (ASM) on board the RXTE has taken daily observations of GRS 1915+105 since its launch. Greiner et al. (1996) detected unusual X-ray variability on time scales of under one second to days. The RXTE-ASM lightcurve was found to be both highly complex and structured, due to instabilities in the accretion disc. Detailed observations with the RXTE's Proportional Counter Array (PCA) instrument (Chen et al. 1997; Belloni et al. 1997 ) identified different spectral states, including a low-hard state dominated by a power-law and a high-soft state with a strong disc-blackbody component. A transition between such states is believed to be associated with the ejection of superluminal plasmons .
Radio polarisation was first detected with MERLIN in GRS 1915+105 by in the first four epochs (i.e. first four days) of the October 1997 flare at a frequency of 5 GHz. A clear asymmetry in the location of the polarised emission was found, showing the strongest detection of linearly polarised emission within the approaching jet, weaker in the receding jet and no detection (< 3% of the total flux density) within the core. The polarisation position angle (PA) was found to rotate by at least 75
• over the four days, leading to the suggestion that the changes in polarisa- tion could be due to Faraday effects (i.e. changes in the Faraday depth as the plasmons move away from the core), implying a change in rotation measure of ∆RM > 300 rad m −2 . This paper describes observations taken over a decade with MERLIN at 18 and 21 cm. The observations were either in conjunction with INTEGRAL observations as part of the Galactic Plane Survey (Bird et al. 2004; Fuchs et al. 2004 ), or were triggered by flare events, found by other radio telescopes. Polarisation behaviour, structural variations and the relationship of activity in the radio regime to the X-ray behaviour were investigated.
OBSERVATIONS AND DATA REDUCTION

RXTE All Sky Monitor
The All Sky Monitor (ASM) instrument on-board the RXTE has been monitoring the sky since March 1996 and the data presented here covers the period from March 1997 to 2007. With each orbit of the RXTE, the ASM surveyed ∼ 80% of the sky to a depth of 20 − 100 mCrab, making approximately ten observations of a source per day. A more detailed description of the RXTE-ASM can be found in Levine et al. (1996) . Each individual pointing, or dwell, was a 90 second integration of the source, with intensities measured in three energy bands of 1.5 − 3, 3 − 5, and 5 − 12 keV. The Crab Nebula flux between 1.5 − 12 keV corresponds to about 75 ASM counts s −1 . To calculate the spectral hardness (HR2), individual dwells were averaged into daily points and the ratios between the 5 − 12 keV and 1.5 − 3 keV energy bands were taken.
Ryle Telescope 15 GHz monitoring
The Ryle Telescope (RT) is a linear east-west radio interferometer located at the Mullard Radio Astronomy Observatory, UK. The array operates at a frequency of 15 GHz with associated baselines between approximately 18 metres and 4.8 kilometres.
An extensive monitoring campaign began with the RT in 1996 of a few radio-bright X-ray binaries (including GRS 1915+105), which coincided with the launch of the RXTE satellite. Observations of target sources were interleaved with a nearby phase calibrator (B1920+154) and the flux-density scale was set by short scans of 3C 48 and 3C 286. The data were sampled every eight seconds and averaged into five minute data points with an RMS of ∼ 2 mJy. Pooley & Fender (1997) 
RATAN-600
The RATAN-600 radio telescope consists of a 576 metre circle of radio reflectors, located at the Special Astrophysical Observatory, Russia. The telescope can operate at multiple radio frequencies between 610 MHz and 30 GHz.
RATAN-600 observations were carried out as part of a long-term monitoring programme on variable X-ray sources (Trushkin 2000; Trushkin et al. 2006 
VLBA
The Very Long Baseline Array (VLBA) is a network of remotely controlled radio telescopes distributed across the USA. The Maximum baselines are over 8500 kilometres producing a sub-milliarcsecond resolution at centimetre wavelengths.
Observations taken on 1997 October 31 (MJD 50752) with the VLBA have been presented by Dhawan et al. (2000) . The VLBA data have been reprocessed in order to study linearly polarised emission from the source. The observations were originally triggered by daily monitoring with the Green Bank Interferometer (GBI) during a period of radio flaring. It was possible to obtain data from multiple frequencies by means of a frequency-selective optics allowing the simultaneous use of 3.6 and 13 cm (8.4 and 2.27 GHz) receivers.
MERLIN
The Multi-Element Radio Linked Interferometer Network (MERLIN) array connects a total of seven telescope across the UK: Mark II and Lovell at Jodrell Bank, the 32 metre at Cambridge and 25 metre antennas at Knocking, Darnhall, Pickmere and Defford (although the Lovell was not included in all observations). MERLIN observations of GRS 1915+105 have been made during 14 epochs since 1998 (see Table 1 ) at 1.4 and 1.6 GHz, where the angular resolution was 150 and 130 mas, respectively. Note that MERLIN observations at 5 GHz have been described by and Miller-Jones et al. (2007) .
The antennas have orthogonal right (R) and left (L) circular polarisation feeds from which RR, LL, RL and LR cross-correlations were formed, measuring 15 MHz bandwidths correlated into 1 MHz channels. Data correlation was performed by the dedicated MERLIN correlator located at Jodrell Bank, UK. Preliminary flux calibration and gain elevation corrections were applied to the data using local MER-LIN software and transformed into fits format. The data were loaded into NRAO's Astronomical Image Processing System (aips) and bad data were removed using the task ibled. The flux density scale was determined from observations of 3C 286, using the three short baselines between the Mark II, Pickmere and Darnhall telescopes. A flux density of 13.5 Jy at 1.6 GHz was assumed for 3C 286 (Baars et al. 1977) , from which we derived a flux density for the point source calibrator OQ 208. Scans of GRS 1915+105 were interleaved with the phase reference source, 1919+086, with a 5:3 minute cycle time respectively, allowing the use of antenna amplitude and phase-gain solutions from the calibrator source using the tasks calib and clcal.
The aips task pcal was used on 1919+086 to determine the effective feed polarisation parameters for each individual telescope and these were written into the antenna file (or AN table) for future correction. This corrects the leakage of flux from one cross-polarised mode to the other, assuming the phase and amplitude of the source has been correctly calculated and is flat across the band (i.e. phase referenced). The instrumental response due to changes in the parallactic angle was also removed using observations of the phase reference source 1919+086.
Next, any systematic phase delay between the right and left hands needed to be corrected by a source with a known polarisation angle. A phase delay difference between right and left hands was removed before performing pcal. Whilst applying the solutions from pcal, a rotation of Q + iU corrected the R-L phase delay was achieved using the aips task clcor. The known position angle of the polarization of 3C 286 was used to calibrate the phase differences between L and R for each antenna.
Finally the target source went through a few rounds of phase-only self-calibration. The calibrated uv data of GRS 1915+105 were then Fourier transformed and the clean algorithm was applied using the aips task imagr. Each image was made using approximately 12 hours of MERLIN data. Table 1 shows the total flux density and the polarized flux density from the images. Also shown are the results of VLBA observations which were re-processed using data from Dhawan et al. (2000) . These values are presented for a multi-wavelength comparison of the polarisation levels in the core and jet.
RESULTS AND POLARISATION MEASUREMENTS
The target source was detected in all 14 MERLIN observations, with a total flux density varying between 20 and 300 mJy at 1.4 or 1.6 GHz. Most epochs revealed a totally unresolved core, except six which showed a slightly extended structure with a position angle to the south-east. Linear polarisation was found with MERLIN in 10 out of the 14 epochs and at both frequencies of the VLBA observation. Individual 1 MHz MERLIN channels were able to detect the linear polarisation with a position angle accuracy of ±10
• ; however, no significant change in the position angle of the polarisation was found across either bandpass (i.e. between 1401 − 1415 MHz or 1651 − 1665 MHz). Likewise a clear change in the position angle between 1.4 and 1.6 GHz was inconclusive due to high variability and low image fidelity.
Continual monitoring with the RT has shown frequent, variable radio flaring over the last decade. Strong radio flares (> 100 mJy) are associated with a hardening of the X-ray emission (HR2 > 1.4) and a persistently soft flux (2−12 keV) of ≈ 50 counts/second with a low RMS. This state has previously been identified as the 'plateau' state by . Weaker radio flares (≪ 100 mJy) do not clearly couple to the X-ray emission, suggesting an underlying mechanism not related to X-ray state changes.
Individual events
October 1997 (MJD 50730-50750) In October 1997 the RT observed the first period of a sustained radio outburst, begining around 1997 October 04 (MJD 50725) and lasting approximately 30 days, ending with a short flare peaking at 220 mJy (at 15 GHz). A series of 5 GHz MERLIN observations were reported by , showing the first Galactic superluminal proper motion with MERLIN. Dhawan et al. (2000) also reported near simultaneous VLBA observations, showing an extended jet to the south-east (SE). Our analysis of the VLBA data has detected linearly polarised emission from within the extended jet at 2.5% and 7.2% fraction of the total intensity (I total ) at frequencies of 2.27 GHz and 8.3 GHz, respectively, but none within the core. Over this period the RXTE-ASM detected a sudden quenching of the soft X-rays, with a sharp rise in the hardness ratio, HR2 > 1.6. The ASM count rate then remained at a level of ≈ 50 counts/second, with a low RMS fluctuation. This state ended with a transition to a different state with a short radio and soft X-ray flare of ≈ 150 counts/second, associated with the ejection of a superluminal knot reported in .
April -July 1998 (MJD 50905-51020)
A major radio outburst was detected by the RT starting around 1998 April 04 (MJD 50907), which lasted for ≈ 110 days. During this period the RT also detected multiple short flares, with the brightest flare reaching 362 mJy (at 15 GHz). The X-ray emission returned to the plateau state of ≈ 50 counts/second, as seen in October 1997, and was notably harder during this outburst, with the ASM hardness ratio reaching HR2 ∼ 2.0. The multiple short radio flares can also be seen to be associated with the soft X-ray flares throughout this quenched state (as shown in Figure 1) .
A MERLIN observation on 1998 June 09 (MJD 50973) was made six days after one of the short flares (Figure 4-a) , showing an extended jet to the SE of the core. A total flux of 145 mJy (at 1.6 GHz) was detected compared to a RT observation of 79 mJy (at 15 GHz), giving a spectral index of α = −0.3 (where S ∝ ν α ). Linear polarisation was detected by MERLIN at a total flux of 9.5 mJy, which was ∼ 7% of I total .
April 1999 (MJD 51270)
Paradoxically, the strongest radio flare detected in these MERLIN observations occured during a period of relative inactivity in radio and X-rays. On 1999 April 02 (MJD 51270) MERLIN 1.6 GHz observations detected a peak flux density of nearly ≈ 300 mJy, which quickly decayed to ≈ 170 mJy. Little evidence of a jet was found in the image (Figure 4-b) with only a marginally resolved core detected. Linearly polarised emission was detected in the core at a total flux of 3.5 mJy, which was ∼ 1.5% of I total .
The RT did not detect a sustained period of radio outburst and only measured a short flare with a relatively modest flux density of ≈ 60 mJy (at 15 GHz), giving an approximate spectral index of α ∼ −0.6. RXTE-ASM observations during April 1999 also had a relatively low count rate of 45 − 60 counts/second, showing no sign of an X-ray flare during this period.
November -December 1999 (MJD 51500-51550)
The latter two months of 1999 had a modest period of radio activity following a period of relative quiet. The RT measured short flares which peaked at 126 mJy and 171 mJy (at 15 GHz), and a sustained period of radio outbursting occurred for ∼ 15 days. Although continual RXTE-ASM observations were not available, X-ray counts peaked at ≈ 210 counts/second and the hardness radio reached HR2 ∼ 2.
MERLIN observations on 1999 November 18 (MJD 51500) detected another short, strong radio flare of 221 mJy (at 1.6 GHz), whilst the RT measured ∼ 90 mJy (at 15 GHz), making a spectral index of α = −0.4. Again only a marginally resolved core was found (Figure 4-c) , with linearly polarised emission at a fractional level of ∼ 3.2%. Four days later on 1999 November 22 (MJD 51504) MER-LIN observed that the radio flare had quickly dissipated to 37 mJy (Figure 4-d) , showing no linearly polarised emission ( 0.4%). At 15 GHz there was a similar flux density of 30 mJy, resulting in dramatic change in the spectral index, which reduced to α = −0.2.
Finally on 1999 December 28 (MJD 51540) a small flare of 90 mJy was detected with MERLIN at 1.6 GHz and RT at 15 GHz with 40 mJy (α ∼ −0.4). A very unusual structure was seen to north of the core (Figure 4-e) , not normally associated with the position angle of previous jets. The linear polarisation was also found to be unusually high for a frequency of 1.6 GHz with polarised flux of 12.7 mJy, i.e. ≈ 14% of I total .
February -July 2003 (MJD 52695-52825)
The most spectacular event occured in the first half of 2003, in a giant outburst of radio activity, with multiple short radio and X-ray flares. The event began on 2003 March 02 (MJD 52700) with the RT observing a short flare at 15 GHz of 151 mJy, followed 14 days later with peak flare of 372 mJy and then a slow decay over the next ∼ 100 days. The RXTE-ASM, as seen in 1997, observed a quenching of the soft Xrays, with a strong rise in the hardness ratio and the emission remaining at a level of ≈ 50 counts/second, with short X-ray flares occuring with radio flares.
Five MERLIN observations were taken over this period of activity [starting four days after the initial radio flare on 2003 March 06 (MJD 52704) ]. This epoch showed only a slight NW-SE extension (Figure 4-f) , suggesting a small jet associated with the initial outburst with a weak flux density of ≈ 31 mJy (at 1.6 GHz), whilst the RT measured 15 mJy (at 15 GHz), giving a spectral index of α = −0.4. Only weak linearly polarised emission was found near the small jet, at a fraction of the total emission of 5.2%.
The second observation occured on 2003 March 25 (MJD 52723), seven days after the peak flare was detected with the RT. The MERLIN map showed very little extension ( Figure 5-a) , but had a variable core of ≈ 120 mJy (RT data was not available). Polarised emission was again detected within the core at a fractional level of ≈ 5.6 %. No X-ray flares were detected with the ASM instrument over this time.
On 2003 March 05 (MJD 52734), 35 days after the initial radio flare, the RXTE detected a short, but relatively strong and soft X-ray flare of 150 counts/second. This was followed by another increase in radio emission and then a return to the constant hard X-ray state. MERLIN (1.6 GHz) observations 13 days after this short event, on 2003 April 18 (MJD 52747), revealed an extended component of 20 mJy to the south-east, with the core at a peak flux density of 135 mJy (Figure 5-b) . Measurements at 15 GHz with the RT showed a strong flare of 143 mJy, suggesting the core had an approximately flat spectrum. Linearly polarised emission was detected both within the core (2.4 mJy) and the jet (1.3 mJy) at a fractional total emission of 2.6% and 6.5% respectively. On 2003 May 09 (MJD 52768), 34 days after the strong X-ray flare, MERLIN observations showed the extended emission had disappeared (Figure 5-c) and an unresolved core had decayed to 43 mJy at 1.6 GHz with linear polarisation at 6.3% (no RT data were available).
The (MJD 52805) . The image showed an extended jet with a total flux of 67 mJy, which was now stronger than the core which had a peak flux 41 mJy (Figure 5-d) . Furthermore, the linearly polarised emission was no longer detectable from within the core and could only be detected within the jet (RT was also not available). Observations were taken simultaneously at 1.4 and 1.6 GHz by switching between frequencies every hour; however, only images produced at 1.6 GHz are shown in Figures 5 and 6 as there were no structal differences between respective frequencies (i.e. only the peak density flux changed).
The MERLIN observations on 2006 December 24 (MJD 54093), confirmed the bright flare of ∼ 145 mJy and ∼ 157 mJy at 1.4 GHz and 1.6 GHz respectively (Figure 5-e ) . An unresolved core showed linear polarisation associated at a fractional level of 5.3% and 7.3% at 1.4 GHz and 1.6 GHz respectively. The RATAN spectrum showed that the spectrum had flattened, suggesting the optical depth had increased.
However, this was only a short lived flare as on 2006 December 27 (MJD 54096), just five days after the initial detection, the flare had decayed to 21 mJy at 1.4 GHz and 27 mJy at 1.6 GHz ( Figure 5-f) , with RATAN also showing the source to be much weaker. A slight extension to the SE was detected, suggesting the formation of a weak jet. The source remained in a similar weak state for the remaining two epochs, on 2006 December 28 (MJD 54097) and 2007 January 04 (MJD 54104) and all linear emission had reduced to < 0.5% (see Figures 6-a and 6-b) .
RXTE observations (Figure 2 bottom) showed no obvious spectral transition and the radio flare was not associated with an X-ray flare.
DISCUSSION
This long-term comparative study between the X-ray and radio emission from GRS 1915+105 shows a complex and varied display of the emission mechanisms in a relatively bright X-ray binary. When studied over a ten year period, characteristics in both the radio and X-ray have repeated in quasi-periodic patterns.
Broadly summarizing, the observed radio emission is attributed to relativistic jets, which are coupled to the accretion disk in a poorly understood process. Emission from the accretion disk is dominated by X-ray emissions that can be modeled by a multi-temperature blackbody and a highenergy, non-thermal component. This non-thermal component, fitted with a power-law, is very likely to be due to the comptonization of cold electrons surrounding the jet and accretion disk.
Understanding the interplay between the radio jet, thermal X-rays and the non-thermal component, requires the classification of the different 'states' as described in Foster et al. (1996) . Monitoring with the RT and the RXTE-ASM, has therefore been used to classify the state of GRS 1915+105 into the following: Weak radio emission (≪ 100 mJy) with short-lived flares that do not clearly couple to the X-ray emission -this has been identified as the so-called 'radio-quiet state'; strong radio outbursts (> 100 mJy), typically lasting for weeks, that are associated with a hardening of the X-ray emission and a persistently soft flux -this has been identified as the so-called 'plateau state'; transitions from the 'plateau' state accompanied by a short X-ray flare and the ejection of superluminal knots -this has been identified as the so-called 'flaring state'.
No detected jet -'Radio quiet state/Short flares'
The behaviour of the jet is least understood in the radio quiet state of GRS 1915+105. The radio emission is characterized by a weak flux that is typically less than 5 mJy at 15 GHz. Short radio flares are occasionally interleaved, which last less than a day and can reach a peak flux of 100−200 mJy at 15 GHz. X-ray emission shows no clear correlation with the radio during this state and typical RXTE-ASM peaks of 100 − 150 counts/second are observed. Due to selection effects that limit most observations to periods of strong radio emission, only a few high-resolution observations have been taken in this state. e-EVN observations taken in this state during April 2006 showed no evidence for any compact jet, unlike the jet observed by Fuchs et al. (2003) , suggesting no outflow of material. Likewise, MERLIN observations taken in 1999 showed no large scale structure, despite X-rays flares, suggesting a de-coupling of the accretion disk to any radio emission.
MERLIN observations taken at the end of 2006, observed a short radio flare of ∼ 150 mJy at 1.6 GHz. This emission quickly decayed to less than 20 mJy, again showing no large scale ejections. RATAN observations also followed the short flare and measured an optically thin spectral index that quickly flattened as the flare decayed. The change in spectral index indicates that material did flow out of the X-ray binary; however, no superluminal knots were formed and nor was a steady jet. This is possibly either due to the jet not becoming energetic enough or interactions with the stellar system preventing the release of material.
Steady compact jet -'Plateau state'
The plateau state in GRS 1915+105 is analogous to the low/hard state of most XRBs, like A0620-00, as the X-ray spectrum becomes slightly harder and is associated with strong radio emission. Belloni et al. (2000) identified these X-ray states as class χ using the RXTE-PCA. However, this analogy (with the low/hard state) is not entirely accurate as the X-ray spectra still remains relatively soft compared to other low/hard state XRBs (McClintock & Remillard 2006) . Physically this means that the X-ray emission still has a significant contribution from the thermal accretion disk, whilst producing steady compact radio jets. As such, this accretion state in GRS 1915+105 shows unique coupling between the in-falling material and the ejected jets.
All long periods of radio outburst (typically lasting ∼ 100 days) are associated with the plateau state. VLBI observations taken by Fuchs et al. (2003) in April 2003 and similarly in Dhawan et al. (2000) showed a steady, compact jet on AU-scales. Radio emission was optically thick as the jet was partially self-absorbed. This radio flux appeared to have a close relationship to the X-rays, which also emitted at a steady rate throughout this state. MERLIN observations taken in 1998 and over the April 2003 outburst, showed no large scale ejections, unless there was an X-ray flare; therefore, this radio emission is constrained relatively close to the accretion disk and this is the best state to study the coupling between the radio and X-ray emission.
The cause of the emission in the plateau state is possibly due the collapse of an inner accretion disk through instabilities in the accretion process. This would cause the accretion to be dominated by an advection-dominated process (e.g. ADAF), rather than a standard accretion disk. Advection-flow accretion also causes the comptonization of a surrounding corona of cold electrons, hence the hardening of the X-ray spectra from a more dominant non-thermal Xray component. The inner disk would then be re-filled from a surrounding outer disk, and form the compact jet.
Ejection of knots -'Flaring state'
It has been well established that a state transition in GRS 1915+105 is associated with the ejection of superluminal knots . However, the precise progenitor of the knot has not been clearly identified nor has the exact cause of their formation. Miller-Jones et al. (2005) suggested that an increase in the jet velocity causes internal shocks to form and produce the ejected knots.
Proper motion of knots
By identifying the precise times of the formation of knots, it is then possible to derive their proper motions. This assumes no deceleration of the jet, as supported by Miller-Jones et al. (2007) Table 2 . The proper motions of different ejecta from GRS 1915+105, based on the time after a short X-ray flare. The intrinsic velocity is modelled assuming a distance of 12.5 ± 1.5 kpc and β cos θ = 0.41.
where θ is the jet angle to the line of sight, β (= v/c) the intrinsic jet velocity and D the distance to the source. The quantity β cos θ can be measured independently of distance from previous observations using
where both the approaching and receding components were observed. MERLIN observations by found β cos θ = 0.41 ± 0.02 and VLA observations by Mirabel & Rodriguez (1994) found β cos θ = 0.323 ± 0.011. Then, by using Equations 1 and 2 we can find the intrinsic velocity of the jet
assuming there is no precession of the jet (i.e. β cos θ is a constant). The MERLIN results presented in Section 3 showed four epochs with extended knots that could be identified with X-ray flares. Table 2 shows the derived proper motions and modelled intrinsic velocities. Assuming a distance of 12.5 ± 1.5 kpc from HI absorption measurements, these results provide evidence that the velocity of the ejected components was intrinsically different for each event.
In 1998 June 09 (MJD 50973) a very high proper motion was observed of 27 mas d −1 [c.f. VLA µapp ∼ 17.6 ± 0.4 mas (Mirabel & Rodriguez 1994) ; MERLIN µapp ∼ 23.6±0.5 mas ]; this implies an apparent motion of 1.5 c (again assuming a distance of 12.5 ± 1.5 kpc) and an intrinsic velocity of 1.1 ± 0.2 c. This large velocity potentially violates the speed of light and can be explained as either (i) the incorrect identification of the ejection date (i.e. not coincident with the X-ray flare), (ii) the jet had a much higher value for β cos θ or (iii) an incorrect distance to the source has been estimated. As only one X-ray flare occurred during this period, it is unlikely that (i) can explain the high velocity. Also, as the same distance was used for all four knots (iii) does not explain the significantly higher velocity found in the first knot. Therefore, this effect is most likely due to (ii) -a change of the jet angle to the line of sight. Table 2 shows that the ejections in 2003 exhibited a much lower proper motion of approximately 18 mas d −1 , as described by and Mirabel & Rodriguez (1994) . Interestingly, GRS 1915+105 returned to the plateau state demonstrating that only a short (∼ day) change in its X-ray state is required to eject material and the underlying emission from the plateau state had remained. This supports the idea that the knots were formed from internal shocks, rather than a cataclysmic destruction of the jet-disk model. It also demonstrated that the knots were formed soon after the X-ray spectral change.
The period of activity in 2003 finally ended in a similar manner to the end of the 1997 event. MERLIN observations on 2003 June 15 (MJD 52805) showed another ejection of a possible superluminal plasmon. As this event ended with multiple X-ray flares an exact proper motion cannot be identified from the MERLIN observations.
Variations in polarisation
GRS 1915+105 shows a large variation in the fraction of linear polarisation in the core from less than 0.2 % to about 14 %. During the ejection of material, the extended jet shows polarised components whilst the core appears depolarised. The electric field vectors of the jets are orientated along the jet axis if the rotation measure is low and the magnetic field is therefore perpendicular to the jet. This is suggestive of a tangled magnetic field compressed by a shock front travelling along the jet.
The low levels of polarisation in the core can be explained if the inner emitting jet passes through various depths of surrounding Faraday material. Differential degrees of Faraday rotation would cause the cancellation of linear polarisation, until the emitting material is far enough from the central region.
As recently ejected components are likely to be in a much denser surrounding medium than those that were ejected earlier and have moved away , one would expect the Faraday depth to fall as the components moves outward and depolarisation would be expected to decrease and the fractional polarisation would increase. This is in contrast to who found the fraction of linear polarisation to quickly decay from ∼ 13% to ∼ 6% in the approaching jet. Additionally, Rodriguez et al. (1995) reported no Faraday rotation in earlier VLA observations, showing no changing in position angle between 5.0, 8.4 and 15 GHz, resulting in a RM< 50 rad m −2 . Observing no change in position angle across the MERLIN sub-band is thus consistent with the VLA results and constrains RM< 600 rad m −2 (at a 3σ limit).
The multi-wavelength VLBA observations in 1997 were taken after a state change (from the plateau state) associated with superluminal knots. Linearly polarised emissions were detected from the extended jets; however, no linear polarisation was detected from the core. The results presented in Section 3 showed the linear polarisation was a higher fraction of the total jet emission at the higher frequency. Whilst the lack of linear polarisation from the core can be explained by intrinsic changes in the outflow (i.e. simply the absence of linearly polarised emission), this cannot account for the changes with respect to frequency; changing levels of fractional polarisation with frequency is predicted by the presence of a Faraday rotating medium. These arguments therefore support the observed variation in polarisation as due to partial depolarisation by Faraday rotation.
CONCLUSIONS
GRS 1915+105 has been simultaneously observed in the radio and X-rays in various different states over a ten year period. This comparative study between the X-ray and radio variability shows, for the first time, both long term (∼ weeks/months) and short lived (intra-day) variations. Daily monitoring shows periods of extended activity and X-ray spectral states that are related to the ejection of material. Radio activity over this period has shown to originate from the central 150 mas core, unless a short X-ray flare is observed that marks the ejection of a superluminal plasmon.
The proper motion of ejecta has been calculated by identifying the time of ejection and exhibit no deceleration. Measured velocities were in agreement with previous observations, and show a significant variation in velocity. Polarisation measurements show strong linear polarisation variation. Depolarisation in the core of the XRB is found during the ejection of a plasmon and the multi-wavelength observations show an increase of linear polarisation with frequency, suggesting internal Faraday rotation effects.
Observing GRS 1915+105 over a long period of time has shown the relativistic out-flow in different forms. If the accretion conditions permit, collimated and steady jets persist over many weeks. Different apparent velocities of superluminal knots suggest either a precession of the jet angle or variation in their formation. Finally, the nature of the shortlived radio flares remains unknown; for example, it is difficult to explain why these bright, but short-lived events do not produce extended structure, in contrast to a flare during a state transition.
